Abstract Many of biochemical or physiological processes can be regulated by non-coding RNAs as well as coding RNAs in plants, animals and microbes. Recently, many small RNAs including microRNAs (miRNAs) and endogenous small interference RNAs (siRNAs) and long non-coding RNAs have been discovered from ubiquitous organisms including plants. Biotic and abiotic stresses are main causal agents of crop losses all over the world. Much efforts have been performed for understanding the complex mechanism of stress responses. Up to date, many of these researches have been related with the identification and investigation of stress-related proteins, showing limitation to resolve the complex mechanism. Recently, noncoding RNAs as well as coding genes have been gradually interested because of its potential roles in plant stress responses as well as other biophysical aspects. In this review, various potential roles of non-coding RNAs, especially miRNAs and siRNAs, are reviewed in relation with plant biotic and abiotic stresses.
Introduction
The biochemical and physiological complexity of eukaryotes can not be explained merely by the number of protein-coding genes (Ponting et al., 2009) . Most of the genome in organisms are transcribed, but only a small portion of total transcripts, especially in eukaryotes, encode for proteins, thus producing many of non coding RNAs. Non-coding RNAs include microRNAs (miRNAs), small interfering RNAs (siRNAs), small nuclear RNAs (snRNAs), piwi interacting RNAs (piRNAs), small nucleolar RNAs (snoRNAs), signal recognition particle (SRP) RNAs, some transcripts such as natural antisense 4 transcripts (NAT), and those derived from transposon or retrotransposon-rich regions (Kawaji and Hayashizaki, 2008) . Of the non coding RNAs, major classes of small RNAs are miRNAs and siRNAs, which differ each other in their biogenesis.
After the first description of miRNAs in Caenorhabditis elegans (Lee et al., 1993) , miRNAs have been mainly discovered from Arabidopsis, Oryza sativa, Zea mays, Populus trichocarpa, Saccharum officinarum, Sorghum bicolor, Medicago truncatula, and Glycine max etc. Important roles of small RNAs in plants were first suggested in relation with growth and development (Mallory and Vaucheret, 2006) . Many of miRNAs exhibit tissueor developmental stage-specific patterns of expression. miRNAs control the expression of target genes under the basic mechanism of binding to reverse complementary sequences, resulting in an appropriate regulation of target RNAs. siRNAs show a similar structure, function, and biogenesis as miRNAs but are biosynthesized from long double-stranded RNAs, often resulting in DNA methylation at target sequences. Small RNAs in eukaryotes have been known to be involved in development, apoptosis, stem cell self-renewal, differentiation and maintenance of cell integrity, removal of intronic sequences during splicing, site specific RNA modification, and telomere synthesis etc. In addition to these biological functions, some small RNAs also play roles in various stress responses in plant as well as in animal. These responses include oxidative, nutrient deficiency, dehydration, drought, soil salinity, extreme temperature, or mechanical stress (Gao et al., 2011; Li et al., 2011; Khraiwesh et al., 2012) . Plants appear to respond to environmental stresses through regulation of their genes including small non-coding RNAs as well as coding RNAs. Thus, investigating how small RNAs regulate gene expression would be helpful to understand the role of small RNAs in biotic and abiotic stress responses. It has been speculated that many of small RNAs including miRNAs have been conserved or evolved in response to various biotic and abiotic stresses in plants. Tolerance of abiotic and biotic stress in plants is a complex procedure and belongs to one of the extensively studied field up to now. In an attempt to ameliorate tolerance of plant stress, more thorough understanding of the transcriptional, post-transcriptional and post-translational changes during stress might be necessary. Furthermore, each of these regulations plays individually and/or together with various combinations.
Non-coding small RNA mediated post-transcriptional gene regulation is particularly of interest, because they show the ability to regulate protein coding genes which are related with gene families or genes involved in the same pathway. Up to date, several small RNAs have been investigated for the roles in plants. Development of miRNA chips and next gene sequencing technology also gives unprecedented chances to find these small RNAs. In this paper, some non-coding RNAs are reviewed for the better understanding of plant stress and their regulatory mechanisms. In addition, we also highlight specific examples of small RNAs, which might play important roles in plant biotic and abiotic stress responses.
Biogenesis of Non Coding RNAs
On the analogy that although many eukaryotic genomes transcribe up to 90-95% of the genomic DNA, only low proportion of total transcripts encodes proteins, it can be speculated that non-coding RNAs might have other important roles than previously assessed (Costa, 2010) . Many small RNAs are derived from long noncoding RNAs (Rother and Meister, 2011) . miRNAs are about 20-22 nucleotides (nts) non-coding RNAs that specifically base pair to their target mRNAs and induce, in general, the cleavage of target mRNAs or repress their translation at the post-transcriptional level in plants and animals.
The biogenetic mechanisms of miRNAs show some differences between plants and animals. In plants, primary miRNA transcripts (pri-miRNA) are produced by the aid of polymerase II. A ribonuclease III-like nuclease (Dicer-like 1, DCL1) processes the pri-miRNA with the assistance of other enzymes, in the nucleus, yielding a precursor miRNA (pre-miRNA) and subsequently mature miRNA:miRNA duplex (Jones- Rhoades et al., 2006; Mallory and Vaucheret, 2006) . The duplex is then transported to the cytoplasm, unwound and then incorporated into the RNAinduced silencing complex (RISC) (Bartel, 2004) . The miRNA sequence assists the RISC complexes for the specific binding to the target sequence (Llave et al., 2002) . In animals, processing of the pri-miRNA occurs by the RNAse III Drosha in the nucleus and produces an intermediate precursor miRNA (pre-miRNA) . Then this is further processed by Dicer activity in the cytoplasm. The mature miRNA is also incorporated into the RISC complex (Kim, 2005) . Many similarities have been also observed between plant and animal miRNA systems, with some exceptions. In animals, Drosha is involved in the first step of miRNA biosynthesis, but DCL1 is involved in plants in this biogenesis. Majority of plant miRNAs are originated from single primary transcript loci in the intergenic regions. But many of animal miRNAs are produced from polycistronic transcripts from intergenic loci of chromosome and produced from introns.
Up to date, several characteristics of miRNAs have also been known to be different between plant and animal origins. In general, sequences of plant miRNAs show less conservation than animal miRNAs. In both plants and animals, miRNAs are derived from long single strand RNAs which fold and show imperfect hairpin double strand RNAs. Whereas siRNAs are biosynthesized from perfectly paired double-stranded RNA precursors, which are derived either from antisense transcription or by the mechanism of cellular RNA-dependent RNA polymerase. Long double-stranded RNAs (dsRNA) are cleaved to 21 to 24 nts by dsRNA-specific RNAse III-type Dicer enzymes (Sunkar and Zhu, 2007) , resulting in siRNAs. siRNAs are incorporated into RISC-containing argonaute proteins, thus RISC complex can cleave the complementary target transcripts (Jones-Rhoades et al., 2006) . Up to date, four different types of siRNAs have been known in plants as follows: natural transcripts-derived siRNAs (nat-siRNAs), trans-acting siRNAs (ta-siRNAs), repeat-associated siRNAs (ra-siRNAs), and long siRNAs (lsiRNAs). Nat-siRNAs are derived, in general, from the transcription of convergent overlapping genes and are primarily processed by DCL2. RNA polymerase IV is, in general, required for the production of nat-siRNAs followed by cleavage of transcripts of gene. Although RNA polymerase IV is required for the biogenesis of these siRNAs after infection of bacteria, it does not appear to be directly involved in transcription of the convergent gene, suggesting that function of RNA polymerase IV in these events is independent of DNA templates (Katiya-Agawal et al., 2007) . Proteins involved in the siRNA biogenesis and histone modification have been known and many of these proteins are conserved in eukaryotes. Among them, argonaute is a key protein which plays in the siRNA-mediated chromatin modification. This protein binds to siRNAs and perform other RNA processing and histone modification (Morris, 2005) . In general, plants have been known to contain only several hundred miRNAs, whereas huge numbers of endogenous siRNAs are found. However, biological role of siRNAs as well as miRNAs have been, mostly, remains unknown.
Biochemical Mechanism of Non Coding RNAs
Many miRNAs show, especially in animals, imperfect sequence complementarity with their target genes. Therefore, miRNAs are formerly thought that these are not related with mRNA cleavage, but with the regulation or translation by a RISC-dependent mechanism. However, it has been shown that miRNAs can induce degradation of mRNA in both plants and animals, thus regulating gene expression (Chendrimada et al., 2007; Meister, 2007; Eulalio et al., 2008) . In general, post-transcriptional modification plays an important role in regulating gene expression. The stability of mRNAs can be regulated by variety of signals through binding on specific sequences of target RNAs. Among various signals, specific RNA-binding proteins (RBPs) are involved in non-coding RNA associated regulation. In this case, RBPs bind to untranslated
